Effect of glutathione depletion by buthionine sulfoximine on rat embryonic development in vitro.
The intracellular thiol glutathione has many functions within cells including protection against xenobiotic and oxidative damage, and a role in protein and DNA synthesis and amino acid transport. Consequently, glutathione might be an important substance for normal growth and development. In this study the extent of glutathione depletion by buthionine sulfoximine, an agent which depletes glutathione by inhibiting its synthesis, and the subsequent effects of the depletion on rat embryonic growth and development were assessed. Day 10.5 rat embryos were cultured in rat serum medium in the presence of L-buthionine-S,R-sulfoximine (0.01 to 2.0 mM) and examined for viability, malformations, growth and development 45 hr later. The glutathione concentrations of the cultured embryos and their yolk sacs were also determined. Exposure to buthionine sulfoximine produced marked and significant (P less than or equal to 0.05) depletion of glutathione at a buthionine sulfoximine concentration of 0.10 mM in the embryos and 0.05 mM in the yolk sacs. Exposure to 1 mM buthionine sulfoximine depleted glutathione to less than 7% of control in both of these tissues. None of the concentrations of buthionine sulfoximine tested had a significant effect on embryo viability; however, buthionine sulfoximine caused a significant (P less than or equal to 0.05) incidence of malformed embryos at concentrations of 0.25, 0.5, 1.0 and 2.0 mM. The types of defects induced by buthionine sulfoximine were blebs of the maxillary or nasal processes, prosencephalon or forelimb buds, small or misshapen heads, small prosencephalons and swollen hind brains, and tail defects. Embryonic growth was the most sensitive, of the variables assessed, to the effects of buthionine sulfoximine. Significant (P less than or equal to 0.05) growth retardation was observed at buthionine sulfoximine concentrations as low as 0.01 mM. At 2.0 mM buthionine sulfoximine, the yolk sac diameter, embryo crown-rump length, head length, number of somites and morphological score were reduced to 65, 72, 77, 90 and 80% of control levels respectively. We propose that the embryotoxic effects of buthionine sulfoximine are due to glutathione depletion and, consequently, that a certain basal level of endogenous glutathione is essential to allow for normal development.